Objective: The aim of this work was to find out if serum level of vascular endothelial growth factor shows changes with the onset of preeclampsia that could be used as predictor for preeclampsia.
INTRODUCTION
In preeclampsia, there is an immunologically mediated deficiency in the trophoblastic invasion of the placental bed by spiral arterioles resulting in poorly perfused fetoplacental unit, which in turn secrets mediators into the maternal blood causing the multisystem pathological changes which are characteristic for preeclampsia. VEGF possesses many of the characteristics required for a candidate circulating factor to be one of these preeclamptic mediators [1] .
Vascular endothelial growth factor (VEGF) is a glycosylated glycoprotein which has a vasodilator and vascular permeability enhancing effects, in addition to angiogenic and a potent endothelial cell mitogenic property [2] . Preeclampsia (PE) is a clinical syndrome present in 5 to 8% of all pregnant women and remains as a major cause of maternal and neonatal mortality and morbidity worldwide [3] .
It is characterized by endothelial dysfunction, hypertension and proteinuria after 20w of gestation and/or a fetal syndrome [4] .
In preeclampsia, the remodeling of spiral uterine arteries is disturbed, probably as a result of the insufficient cytotrophoblast invasion in the maternal uterus, which causes hypoxia. As a result of hypoxia, the placenta releases placental factors with pro-or anti-angiogenic action such as vascular endothelial growth factor (VEGF) and soluble VEGF receptor-1 (sVEGFR-1) [5] .
On the other hand, preeclampsia is characterized by an angiogenic imbalance at both placental and systemic level, which causes endothelial dysfunction and the clinical manifestation of this disease [6] .
Preeclampsia also remains a leading cause of prematurity as placenta delivery is currently the only way to successfully treat the disorder. The etiology and pathogenesis of this pregnancy-specific syndrome are unclear. Accumulated evidence suggests that PE may be the result of an imbalance in angiogenic factors [4] .
Recent studies have hypothesized that vascular endothelial growth factor (VEGF) and its receptors are implicated in the pathophysiology of preeclampsia [7] .
In normal pregnancy, there is a remodeling of uterine spiral arteries through the invasion of cytotrophoblast, which facilitates blood circulation and the transport of oxygen and nutrient substances to the fetus. The balance between pro-angiogenic and anti-angiogenic factors modulates this vascular remodeling, angiogenesis being an important process in implantation and placentation [8] .
Vascular endothelial growth factor (VEGF) and placental growth factor (PGF) are potent regulators of vascular development during embryogenesis, as well as blood vessel formation and survival in adulthood [9] .
Another factor involved in the neovascularization, soluble form tyrosine kinase like receptor type-1 (sFlt-1), is an anti-angiogenic circulating splice variant of VEGFR-1. It acts by adhering to the receptor-binding domain of the angiogenic factors, preventing their normal interaction with their cell surface receptor and leading to endothelial dysfunction [10] .
In stage 1 of early-onset preeclampsia, impaired extra villous trophoblast invasion into maternal spiral arteries causes poor vascular remodeling and induces placental and endothelial damage. In stage 2, these damaged tissues release antiangiogenic factors such as the soluble form tyrosine kinase like receptor type-1 (sFlt-1) and soluble endoglin (sENG), a co-receptor for transforming growth factor (TGF)-1 and -3, which induces maternal intravascular systemic inflammatory responses and endothelial dysfunction, resulting in hypertension and proteinuria after 20 weeks' gestation, especially in earlyonset preeclampsia [11] .
Endocrine gland vascular endothelial growth factor (EG-VEGF) is the major prokineticin in the female reproductive tract. In the placenta, EG-VEGF and its receptors are highly expressed [12] .
The syncytiotrophoblast layer (ST) is the main layer where EG-VEGF is mainly localized in with a mild expression in the cytotrophoblast layer (CT) [13] .
Endocrine gland vascular endothelial growth factor (EG-VEGF) receptor PROKR1 is abundant in the CT and the placental microvascular endothelial cells, whereas PROKR2 is expressed by ST and extra villous trophoblasts (EVT) [14] .
Endocrine gland vascular endothelial growth factor (EG-VEGF) and its receptors show a dynamic profile throughout pregnancy. In the placenta, EG-VEGF, PROKR1 and PROKR2 are predominantly expressed during the first trimester of pregnancy. During early pregnancy, EG-VEGF/PROKR1 peaks at 8-11 weeks of gestation and then gradually decreases by the end of the first trimester, whereas PROKR2 expression is maintained over the first trimester. In non-pregnant women, circulating EG-VEGF levels are around 50 pg/mL. During pregnancy, these levels significantly increase fivefold during the first trimester (250 pg/mL) and then gradually decrease to reach those observed in non-pregnant women by the end of the second trimester of pregnancy [1] .
AIM OF THE WORK
To measure serum level of vascular endothelial growth factor (VEGF) in patients with pre-eclampsia and correlate it with severity of the disease to be used as predictor for pre-eclampsia.
PATIENTS AND METHODS
This study was conducted at Tanta University Hospital in the inpatient wards and outpatient clinic of Obstetrics and Gynecology Department in the period from Jan 2016 till June 2016 on 60 patients.
Patients were divided into 3 groups:
Group (I): (N=20) including normal pregnant women with blood pressure <140/90 and no proteinuria. (Control Group).
Group (II): (N=20) including patients with mild preeclampsia.
Group (III): (N=20) including patients with severe preeclampsia.
All recruited patients gave a written informed consent about the study and the procedures done in this study were:
Inclusion criteria: 1 . Age: (20 -35 Y).
2.
Gestational age: after 20 weeks.
3. Singleton pregnancy.
Primigravida.
Exclusion criteria: 1 . Medical disorders with pregnancy such as chronic hypertension, chronic renal disease and diabetes mellitus.
Congenital fetal malformations (CFM).
3. Intra uterine demise (IUD).
4.
Other concurrent obstetric disorders such as placenta previa, rupture membranes and vaginal bleeding.
5.
Smoking and alcohol intake.
6. Connective tissue diseases like SLE.
METHODS

All cases in the groups were subjected to:
1. Detailed history (personal, present, past, menstrual and family).
Examination (general and local):
C. General examination: head and neck, chest, abdomen (fundal grip for gestational age, polyhydramnios, oligohydramnios and auscultation of fetal heart), pelvis, upper and lower limbs for edema.
D. Local examination: P.V for pelvic assessment, vulva for edema or varicose veins and premium for any abnormalities.
3. Investigations: Laboratory including: urine analysis, complete blood count (CBC), serum blood glucose, kidney functions, liver function and vascular endothelial growth factor (VEGF) was measured in serum by Enzyme Linked Immunosorbent Assay (ELISA).
Abdominal ultrasound:
• Fetal viability.
• Fetal biometry (Biparietal diameter, abdominal circumference and Femur length)
• Fetal activity.
• Exclude fetal anomalies.
• Amniotic fluid volume.
• Placental grade and location.
• Mild pre-eclampsia was diagnosed in women whose blood pressure (140-159/90-109) and /or proteinuria ≤ 0.3 g/24hrs by dipstick test.
• Severe pre-eclampsia was diagnosed in women whose blood pressure ≥160/110 and/or proteinuria ≥5 g/24hrs by dipstick test or with either of the following:
A. Symptoms of severity like (headache, blurring of vision, epigastric pain, right hypogastric pain, ultrasound evidence of IUGR, nausea and vomiting).
B. Signs and/or symptoms of end organ affection (oliguria, thrombocytopenia and impaired liver function).
• Pitting edema in preeclampsia was noticed in lower limbs, vulva, abdomen and face or through rapid weight gain during antenatal care. According to degree of preeclampsia, edema would be mild or severe.
Vascular endothelial growth factor (VEGF) ELISA testing
Test principle:
The kit uses a double-antibody sandwich enzymelinked immunosorbent assay (ELISA) to assay the level of human vascular endothelial growth factor (VEGF) in samples.
RESULTS
This study was conducted in Tanta University Hospital on 60 pregnant women whom VEGF was compared with baseline blood pressure, proteinuria, edema and adverse outcome either maternal or fetal.
Patients were divided into 3 groups:
Group (I): (N=20) including normal pregnant women with blood pressure <140/90 and no proteinuria (Control Group).
Group (II): (N=20) including patients with mild preeclampsia.
Data were analyzed and the results of this study were summarized in the following tables and figures:
The results of this study showed that there is a positive correlation between vascular endothelial growth factor (VEGF) and severity of preeclampsia and this will be discussed later. 
DISCUSSION
Preeclampsia is associated with excessive production of a soluble form of the vascular endothelial growth factor receptor-1 (VEGF-1), termed soluble form tyrosine kinase like receptor type-1 (sFlt-1). This placental-derived factor is believed to be a key contributor to the pathogenesis of PE [15] .
Most investigators believed that vascular endothelial growth factor receptor-1 might not be a receptor transmitting a mitogenic signal, but rather receptor able to inhibit the activity of VEGF on vascular endothelium by preventing binding of VEGF to VEGFR-2. [16] The vascular endothelial growth factor (VEGF) is a glycosylated glycoprotein selectively mitogenic for endothelial cells and appears to play a major role in the mediation of angiogenesis. VEGF also has a vasodilator effect in addition to its ability of increasing the microvascular permeability [16] .
Despite intense research efforts, the pathogenesis of preeclampsia is still mysterious, but it is mostly multifactorial [17] .
The pathophysiology of preeclampsia likely involves maternal, fetal and placental factors. Abnormalities in the development of placental vasculature early in pregnancy may result in relative placental under-perfusion /hypoxia/ ischemia which then leads to release of antiangiogenic factors into maternal circulation that alter maternal systemic endothelial function and cause hypertension and other manifestations of the disease [18] .
In this study, vascular endothelial growth factor (VEGF) was higher in the two study groups (mild and severe preeclampsia) compared to those in the control group and was higher in the group of severe preeclampsia than in the group of mild preeclampsia with significant difference between the three study groups (P value<0.001).
In this study, mean VEGF was 2204.4 ng/l in severe preeclampsia group versus 863.2 ng/l in mild preeclampsia group and 357 ng/l in the control group (P value<0.001). Thus, serum free VEGF is potentially useful as a marker in prediction of severity of preeclampsia.
VEGF level was significantly higher in their cases. The optimal cutoff point for VEGF was calculated as 600.5 ng/L to differentiate the cases and the controls with 64% sensitivity and 100% specificity and (P value<0.001). There was a significant increase in median serum level of VEGF in severe cases compared to the mild cases. The optimal cutoff [17] . T Celik et al. 2013 study demonstrated that maternal serum VEGF level in this preeclampsia group was higher than the control group ; it was 314.45 ± 260.74 pg/ml in preeclampsia group versus 14.2 ± 14.54 pg/ml in the control group; the difference was statistically significant [20] . Celik et al. 2013 explained the increase of VEGF in the preeclampsia group by endothelial cell damage that occurs in preeclampsia increases VEGF production during endothelial repair [21] .
Increased concentration of circulating VEGF may cause extravasation of plasma proteins and proteinuria, which is the main symptom of preeclampsia [22] . The other possibility is that VEGF is secreted from the placenta and its production is increased in response to local ischemia in the placental infarction areas as a result VEGF increases in response to placental hypoxia [23] .
Hunter et al. 2000 study demonstrated that evaluated median serum VEGF level in their preeclampsia group was 51.7 ng/ml, about 4 times the median level in the control group which was 13.9 ng/ml. The women with the two highest VEGF levels in the preeclampsia group had thrombocytopenia, with platelet levels of 100,000 mL. Additionally, Hunter's study also demonstrated that concentrations of VEGF were significantly elevated in preeclampsia cases for several weeks before the clinical manifestation of the disease. The concentrations of VEGF that occurred before the clinical disease manifests may also be indicative of the timing of the onset with the highest levels at 20 and 30 weeks occurring in those who developed PE early [24] .
Masoura's study concluded that in preeclampsia an angiogenic imbalance between VEGF and sFlt-1 exists and plays an important role in pathogenesis of endothelial dysfunction [26] .
In this study, the mean of the gestational age at delivery was shorter in women of the two study groups (mild and severe preeclampsia), in severe preeclampsia was 34.2 weeks versus 36.1 weeks in mild preeclampsia and 38.3 weeks in controls with significant difference between the three study groups (P value<0.001). This is agreeing with Masoura et al. 2014 in their study that showed that the gestational week at delivery and birth weight was significantly shorter in the preeclampsia group than controls. Kurtoglu et al. 2016 study explained that the gestational week at delivery of the same 3 groups which was shorter in women of the two study groups in severe preeclampsia was 34.5 weeks versus 36 weeks in mild preeclampsia and 38.4 weeks in controls. Also, Maged et al. 2016 study showed that the pregnancy duration at delivery in severe preeclampsia group was significantly shorter than that in mild preeclampsia and control groups, so this is agreeing with our results [19, 25, 26] .
In this study, the incidence of HELLP syndrome was high in severe preeclampsia group, while it was absent in mild preeclampsia group and the control group with significant difference between the three study groups [19, 25, 26] (P value <0.030). Also, the need for preterm termination of pregnancy was higher in women of the two study groups (mild and severe preeclampsia) compared to those in the control group and in the group of severe preeclampsia was higher than in the group of mild preeclampsia with significant difference between the three study groups (P value <0.001). Also, other adverse obstetric outcomes were reported in the severe preeclampsia group like pulmonary edema, eclampsia and impaired kidney function. This is in agreement with Maged et al. 2016 study that showed significant difference between women with severe preeclampsia and women in the other two groups (mild and control) in terms of maternal complications such as HELLP syndrome and eclampsia. Also, this is in agreement with Singh et al. 2016 study that showed that HELLP syndrome was the most common maternal complication seen in patients with preeclampsia, whereas pulmonary edema was seen in 3.6% of patients and maternal mortality rate was 1.8% [26, 27] .
Similar results have also been obtained by Murphy and Stirrat 2000 study that showed that 21% of cases had developed HELLP syndrome, 13% had renal failure and 1.4% had eclampsia. In another study conducted by Minire et al. 2013, 3 .2% of patients had eclampsia, 4.2% had HELLP syndrome and 5.5% had pulmonary edema which is in agreement with our study [28, 29] .
In this study, the incidence of prematurity and overall adverse fetal outcomes were higher in women of the two study groups (mild and severe preeclampsia) compared to those in the control group with significant difference between the three study groups (P value<0.005) for prematurity and (P value<0.002) for overall adverse fetal outcomes. This is in agreement with Maged et al. 2016 study that showed, regarding neonatal complications, that the two study groups (mild and severe preeclampsia) had significantly lower Apgar scores than the control group and admission to the Neonatal Intensive Care Unit (NICU) was more than in the preeclampsia groups. Moreover, severe preeclampsia was associated with perinatal death. Also, similar results were obtained by Masoura et al. 2014 in their case control study that showed a higher rate of neonates with prematurity, IUGR and NICU admissions was observed in the preeclampsia group compared to the control group which is in agreement with our results [26, 30] .
The analysis that was performed between the biomarkers assayed and the neonatal outcomes in the preeclampsia group revealed significant correlation between late preterm, early term and VLBW and sFlt-1. On the other hand, a trend was observed between lower serum concentrations of the angiogenic marker VEGF and prematurity, as well as NICU admission, so this doesn't agree with our result that showed that median (interquartile range) serum level of VEGF was higher in the group with adverse neonatal outcomes than in the group with no adverse neonatal outcomes with significant difference (P value<0.00). From Masoura et al. 2014 study, Maynard et al. 2003 explained the pathophysiology of preeclampsia by defective placentation results in ischemic placenta which initiates the release of sFLt-1 that binds to angiogenic factor VEGF, blocking its action of placental neovascularization and depriving the maternal blood vessels from its vasodilator effect in addition inducing systemic endothelial dysfunction, which results in clinical manifestations of preeclampsia and its associated adverse maternal and neonatal outcomes [30, 31] .
Receiver operating characteristics (ROC) curve analysis of VEFG as a marker used for discrimination between the two case groups (mild and severe preeclampsia) and the control group showed that area under curve (AUC) equal to 0.967 with cutoff value >632.4 ng/L which revealed sensitivity of 82.5% and specificity of 85%. (P value <0.001).
Receiver operating characteristics (ROC) curve analysis of VEFG as a marker used for discrimination between the severe preeclampsia group and the mild preeclampsia group showed that area under curve (AUC) equal to 0.980 with cutoff value >1355.5 ng/L which revealed sensitivity of 90% and specificity of 85%. (P value <0.001).
Receiver operating characteristics (ROC) curve analysis of VEFG as a marker used for prediction of adverse fetal outcomes in the studied groups showed that area under curve (AUC) equal to 0.886 with cutoff value >741.5 ng/L which revealed sensitivity of 95.65% and specificity of 72.97%. (P value <0.001).
CONCLUSION AND RECOMMENDATION
In conclusion, the current study indicates that increased serum vascular endothelial growth factor (VEGF) level can be used as a predictor of transformation of pregnancy from normal to preeclampsia at a cutoff value of VEGF>632.4 ng/l and from mild to severe preeclampsia at a cutoff value of VEGF>1335.5 ng/l. Also, adverse pregnancy outcomes can be predicted at a cutoff value of VEGF >741.5ng/l. Vascular endothelial growth factor (VEGF) level is recommended to be used as a marker to predict transformation of the disease and recognition of adverse pregnancy outcomes.
Future studies should focus on VEGFR-1 and its role in pathogenesis of preeclampsia.
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